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Radio Wave Propagation on the Ice Cap 
Takeo YOSHINO* 
� � 
1. § a':J 75��. i%i±Air!./\JJ<.h, G -c � t-: 
:1K*ViU::tc,1t,-c, �JJ:O)�JJ:!l!Jzti%���t£�, �rm 
O)-�O)ftttaJtz% tt, ll�tt���%:'.T0�t 
1: J: fJ, t�±fil7JO)JJ<.JEIN 1: :tc,vt 0 ��{'2ffi'f4'if'f"!:o) 
mttr, JJ<.J(LI:: 1: -C {9".Jtl T 0 7 ::,,, ::;- -r O)�tt, im{fl 
@•O)�tt�O)k�0)-���0�t�§�tl, 
1.5, 10, 100, 250, 300, 400, 3000 Mc 0)1§-ffl!�� 
1Jtf:, (1) �:1:/i�f:t(, v 'Y "'.JL,fjl: J: fJ, ti%'� 
$, 112'1'[1*:!'m (tan o) �, (2) /' 1 � /' Y - ::,,,y}i 
i: c1: fJ Bt!t, aJtzf*��. ::i - 7 r; :,' :if 1J 'Y :;, 
1: J: fJ lU.!£tt �1Jt!J%:'. l, �f_mO) 7 /TT i: J: fJ ifil 
{ff � :fr tJ: 1t, • cW-'.l!ll tlt � 1ffi.lJ %:'. l t-:. i t-: A illll. � i/ii ml 
1: J: 0 300, 3000 Mc 0) 7 .:r. - r·  1 ::,,, 7'4�'1".l:, 75 
5-F-11'\' 1: i It, Y)t' l t-: 7 ::,,, 'T -J- t '.P. rt� 0) 7 ::,,, 'r -r t 0) 
1 ::,,, l:'.0 - �· ::,,, .::z, t�fPJ'[1./, Y - /� t iffi.U%:'. l t-:. 
2. iffi!i :!lF!: �rniJO)*-t*, 75��t" 1 LfJJ<.mbK 
0) J:� �% 11lt $ 0) {a[ tt 1: 1 J, � < , J*1H& � 0) :Li1Jf1, 
�J.!fO)�:'J,,' t t ck) f:�1,>T 0. llYr�{;;t;:1Et]4iH�t.O) 
{@: 1) 3["-'/�"1:,J,� <, fflli!Jl�O):!:\¥i'tm t t t f:1t:§:1�T 
0. Bz!'Ni*�t HFtW1:1;t,J,� <, mli!Jlt�O):J:W;IJQ 
t t t 1::1:�jJ[]·t- 0. 
tt 0 -C JJ<JEt 0) '�JJ<.J: 1: {f ffl T 0 7 ::,,, ::;- -r !i�rnf 
O)�O)J:U%.$h, 11::,ltc't/n:jfr1t,0)1:, '�infJ:I: 
fl[m�1ui � li < t!. vt 0) Jio�t v:  n:11li tJ: 7 / ::;- -J- -c, 
11 rr gr EB '.P. Fs1 t ;s._ t.i: l :J.� 01tlTiti hq� t::d1, 0 .::_ t Ii; 
wtfJ, ,F;k�O)*[l_,Jlffl\fJ°f::tc,1t,-c%lill:T0 � th,-c 
� t-:. tJ: :tc,, 1J!IJ %:'. i: {YE HJ l t-: �� vtBR f!J�:ttll i: -c 
R�Lkk��oo����-c�fJ, �BO)��-c 
�@J 1Hla i -c 1:1l G n f_:il�iE i- · - Y 0) ;s._ �1:i Fs1¥� 
D. t l-C§t�T 0. 
11lf. 7]( J: 0) 'it iJJl {z: l't!W: VHF t.rf 0) fi1il 11:lz � fJ -c ! i 
7( rrrt Yilf. 7]( Jm t rnJ n� t : � ffe l , UHF t.U: ti -C 0) 
� ITfi 0) i:k� OK, '�'D 0) F� i� 77, * t 1t,. tJ: *' ifiJ lt 
rnHi :>}(;Et J:: 77, 1]( :sit., 111}.Jk_UH_ffi a[ 77, J:Q 1t, J: '5 -c � 
0 t-:. 
1. Introduction 
The Antarctic continent is covered with an ice cap more than 2000 meters in depth. 
The snow is piled up every year without melting away and is changed to ice, because 
the downward snow is compressed by the gravitation caused by the piled up snow. 
The air involved in the snow forms air cells the presser of which increases with the 
degree of compression, and it becomes to have a quite different nature from an ordi­
nary ice called "ice cap ice" and therefore the density of ice increases with the depth. 
Because it is surmised that the electromagnetic wave propagation on such an ice 
cap reveals some characteristics feature, we measure high frequency dielectric property 
over the wide range of density, reflection and absorption characteristics and the specifi_c 
resistance of the snow surface, in order to obtain fundamental data for analysing, 
* University of Electro-Communications. Member of the Wintering Party, the Japanese Ant­
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the electromagnetic wave propagation characteristics and for designing the antenna 
used on an ice cap. Furthermore we measure the fading characteristics at 300 Mc 
and 3000 Mc, in order to analyse the property of the radio duct which is brought 
about by the temperature reversal layer frequently formed in fine weather in the 
polar region. The directional pattern and the input impedance are measured by chang­
ing the heights of several types of model antenna above and below the snow surface. 
The above-mentioned data is not finished completely, because almost all the measure­
ments that were made at Syowa Base are now being calculated, so that only a part 
of the results is reported here. 
2. Methods and results of observation 
The measurements of specific dielectric constant and dielectric loss (tan l3) in high 
frequencies are made by the tuning circuit resonance method illustrated in Fig. 1 for 
1.5 Mc and 10 Mc, and by using the Lecher line illustrated in Fig. 2 for 100, 250, 300, 
and 3000Mc. 
CF: Frequency setting condencer 
Co : Standard variable condencer capacity (Cs; e = 1) 
Cs: Sample condencer 
d : Gap of sample condencer 
e*=(Ca/Co)+ 1, tan=_Q_(_!_ _ __!_) Cs Q Qo 
Ca : Increased of standard V. C .  capacity with sample set up Cs 
Fig. 1. The measurements circuits of specific dielectric constant and dielectric 
loss (tan o) by resonance method for 1.5 Mc and 10 Mc Band. 
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Fig. 2. The measurements circuit of VHF specific dielectric constant and 
dielectric loss (tan o) by Lecher wire for VHF Band. 
Fig. 3 shows the change of high frequency specific dielectric constant s* with 
density of the snow and ice, and Fig. 4 shows the change of s* with the frequency. 
The density of perpetual snow on the ice cap is about 0.3 and the snow apparently 
changes into an ice-like state at the density between 0.5 and 0.6. · As is. seen in Fig. 
230 
* 
'.::; 
"N "' 
-R "' "' 
� 
4.0 
'-' 3.0 
·;.:: 
"N 
c.., 
� 
.:;:: 
·c:, 
� 2.0-
iJ) 
Takeo YosHINO 
TEMP. in -!8°C"-'-36 °C 
1.5/MC� 
10.0MC
"-
� 
304 MC 
3000Mc';:< 
", 
' 
I 
I 
I ,r " 
/I " 
/I 
ff r // ! 
,' f ',, ,, 
ii ,, I 
I ' I e ::::::r:::':'.'-�--.L------'-------'-
0. / 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 /.0 
Density of Snow and Jee (P) 
Fig. 3. The relation between density of the snow and ice to c* . 
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Fig. 4. The change of c* with the frequency. 
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3, s* does not depend on frequency before the snow takes its ice-like state and s* 
takes a very small value not exceeding 1.1 because the microcrystals of snow are so 
weakly coupled and have a large air content. After snow reaches an ice-like state, 
s* increases with the density and when the density is the same s* is larger when the 
frequency is smaller, but the value of s* does not exceed 4.0. There is a singular point 
in the curve of Fig. 3 when the snow changes into its ice-like state. As is seen from 
Fig. 4, s* decreases with the frequency. 
Fig. 5 shows the change of high frequency dicipation facter (tan a) with frequency 
and Fig. 6 shows the change with density. It is seen from Fig. 5 that tan c3 decreases 
rapidly as the frequency is increased, and it is shown m Fig. 6 that the dielectric 
loss increases with density. 
From the above four figures the snow and ice composing the ice cap is shown to 
have an excellent insulating property for the electromagnetic waves of UHF or higher, 
and because the density of the perpetual snow near the surface is about 0.3 and so 
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Fig. 6. The relation of the dielectric 
loss, increases with density of snow 
and ice. 
c* amounts(to 1.08 even for the HF range, it is supposed that the same radiation 
pattern as that in the free space would be obtained by merely putting a conducting 
line on snow surface which serves as a very simple antenna. We measure horizontal 
directional pattern, input impedance characteristic, and gain by setting a doublet 
antenna tuned for 100 Mc, and a 8 elements YAGI beam antenna tuned for 300 Mc, 
3 meters above the snow surface, just on the snow surface, and 1 meter below. The 
results of the measurements are shown in Figs. 7-12. 
From these figures it is found that the radiation characteristics are very similar 
Half wave Folded Dipole 
f=IOOMc 
Zo = JOOfl. 
E*=!.08 
T=-21.?.'C 
Fig. 7. The holizontal pattern of half 
wave Folded Dipole antenna for tuned 
100 Mc, 3 meters above, 0 meter, 1 
meter below the snow surface. 
Fig. 8. The horizontal directional pattern 
of 8 elements YAGI beam antenna for 
tuned 300 Mc, 3 meters above, 0 meter, 
1 meter below the snow surface. 
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Zo = 300.fl 
f =!OOMc 
['= /08 
T =-ZI.Z °C 
---o-- 3meter above 
----<:r---- 0 meter 
_.,__ I meter below 
Fig. 9. The impedance characteristics of 
a half wave Folded Dipole antenna for 
tuned 100 Mc, 3 meters above, 0 meter, 
1 meter below the snow surface. 
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Fig. 11. The results of the measurements 
of input impedance and gain character­
istic by a half wave Folded Dipole for 
tuned 100 Mc, 3 meters above, 0 meter, 
1 meter below the snow surface. 
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Fig. 10. The impedance characteristics of 
a 8 elements YAGI beam antenna for 
tuned 300 Mc, 3 meters above, 0 meter 
1 meter below the snow surface. 
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Fig. 12. The results of the measurements 
of input impedance and gain character­
istic by a 8 elements YAGI beam an­
tenna for tuned 300 Mc, 3 meters above, 
0 meter, 1 meter below the snow surface. 
to those in free space except the input impedance of the antenna set 1 meter below 
the snow surface. 
When we made a 100 Km trip in autumn and a 350 Km trip in spring, we made 
contact between the mobile party and the base with GRC-9 in 5426 Kc by putting on 
the snow surface a rhombic antenna in autumn and rhombic, V type, doublet, and 
voltage feed zeppelin antenna in spring. We found that it is completely possible to 
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make contact 350 Km off by this method which we think verifies our theory. 
Further, we can recognize the existence of direct wave propagation by measuring 
the electric field strength when the wave is received in the interior of the continent 
less than 80 Km distant from the base and the rhombic antenna can be used effectively, 
but at a distance greater than 80 Km we can get a better result by using an antenna 
which radiates to a large angle realized by a doublet or zeppelin antenna to utilize 
ionospheric propagation. 
On the other hand, a vertical polarization antenna requiring contact with the ground 
such as a whip antenna equipped on a snow car cannot be used because it cannot get 
a good grounding in the continent. 
In fact it is difficult to tune a vertical antenna in ari ice cap region and we can 
perform communication only within 40 Km. 
3. Conclusion 
We also get reflection an:d absorption coefficients by measuring the height pattern 
by the method shown in Fig. 13. The result of measurement will be reported in the 
near future. 
The result of the measurement of the 
specific resistance of snow, and the result 
which shows the relation between fading 
characteristics of the 5 Km span in 300 Mc 
and 3000 Mc of the radio duct produced by 
a temperature reversal layer and the data 
of radio sonde, will also be reported on a 
forthcoming occasion. 
The dielectric property of the snow 
and ice composing an ice cap is reveale_d 
! i n:ve j ! 
7,r7, _ ________ _E_.:".'.!:Q8 __________ ,,,��r-
Absorption wave 
Fig. 13. The measurement of reflection 
coefficient on the snow surface by 
height pattern. 
by this research work and at the same time the favorable antenna to be used is de­
termined. 
According to the experiment on propagation properties of an electromagnetic wave 
on the sea ice, the result is very similar to that on the sea water surface in VHF or 
lower, but it depends very much upon the state of the snow on sea ice in VHF or 
higher. It is favorable to make a polarizing plane horizontal on the ice cap and 
vertical on the sea ice. 
Finally the author wish to express sincere thanks to the leader of our wintering 
party Mr. MURAYAMA and the other 12 members for their encouragement and co­
operation. 
